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ABSTRACT - The ant genus Cardiocondyla is characterized by a peculiar male polymorphism with winged 
disperser males and wingless fighter males. Here, we report on the morphology and fighting behaviour of 
the hitherto unknown wingless male of Cardiocondyla nigrocerea, a species as yet known only from the 
Moluccan islands Ambon and Obi. Males of C. nigrocerea have sickle-shaped mandibles, which they use 
to grab and kill rival males. 
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INTRODUCTION 

The ant genus Cardiocondyla is characterized by one of 
the most striking examples of male phenotypic plasticity in 
insects. Ant males are normally well adapted for searching 
and mating with a female sexual on the wing: they have 
large compound eyes, long and slender antennae, and 
powerful flight muscles (Holldobler & Wilson, 1990). In 
Cardiocondyla, wingless “ergatoid males” with small eyes, 
robust antennae and stronger mandibles co-occur with or 
completely replace the default winged males (Kugler, 1983). 
Whereas winged ant males in general are docile and do not 
fight for access to female sexuals other than by scramble 
competition, ergatoid males of most Cardiocondyla species 
engage in lethal combat. Adult ergatoid males crush the 
soft cuticula of freshly eclosed male rivals with their strong 
mandibles (Kinomura & Yamauchi, 1987; Stuart et al., 1987; 
Heinze et ah, 1998) or besmear adult ergatoids with hindgut 
secretions, which elicit deadly aggression from the workers 
(Yamauchi & Kawase, 1992). 

Phylogenetic analyses suggest that male polymorphism is an 
ancestral trait in Cardiocondyla and that winged males have 


been lost independently in several different clades (Heinze 
et ah, 2005). However, our understanding of the evolution 
of male morphology and behaviour is currently based on a 
limited number of species, most of which are cosmotropical 
tramp species (Heinze et ah, 2006) or belong to a Palaearctic 
species clade with a derived life history (Schrempf & Heinze, 
2007). Cardiocondyla is presumed to have its centre of 
evolution and radiation in Southeast Asia west and east of 
the Wallace line, but data on the morphology and behaviour 
of males of species from these areas are currently limited 
(Reiskind, 1965; Yamauchi et ah, 2006). Here we report on 
the occurrence of fighting, ergatoid males in Cardiocondyla 
nigrocerea from Pulau Obi, Maluku Utara, Indonesia. 

MATERIALS AND METHODS 

Cardiocondyla nigrocerea Karavajev, 1935, is a species of 
the C. wheeled Viehmeyer, 1914, group, which is apparently 
restricted to the Wallacean-Australian region and consists 
of two described and one undescribed species. Workers of 
this group are characterised by a dorsal mesosomal profile, 
which is not evenly convex, as well as by well-developed 
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pronotal comers, which, however, are blunt in comparison to 
members of the C. paradoxa Emery, 1897, group. Species of 
the latter group also differ from members of the C. wheeleri 
group in that the planes of frontal laminae slope mediad in 
an angle of 40°. The frontal carinae thus elevate much above 
the level of the posterior clypeus. 

On 23 and 24 October 2008 we observed workers of a 
Cardiocondyla species foraging solitarily on the ground in 
a secondary rain forest near Tabuji River close to Kampung 
Baru on the island of Obi, Maluku Utara, Indonesia 
(1°23'17"S 127°36'2"E, elevation approximately 35 m). We 
baited foragers with cookie crumbs and followed them to the 
entrances of their nests, tiny holes in the soil. Nests consisted 
of small chambers about 1-2 cm deep in the soil. We carefully 
excavated four colonies, each containing a single dealate 
queen, several winged female sexuals, approximately 20 to 
80 workers, and brood. One colony had an ergatoid male. 

The workers were identified as C. nigrocerea by comparison 
with the two syntype workers, which are deposited in the 
Museum of the Zoological Institute in Kiev, Ukraine, and 
labelled “ Amboina Karavaiev \ 2745. Coll. Karavaievi \ 
Cardiocondyla nigro-cerea Karav. /yy?.”[l st syntype] and 
”2745. Coll. Karavaievi \Cardiocondyla nigrocerea sp.n. 
Ambon” [2 nd syntype]. The type sample of C. nigrocerea 
had been collected from “under the bark of a rotten, fallen 
stem of a tree” near Ambon, Maluku Selatan, Indonesia 
(3°43'S 128°10'E) - about 270 km SSE from our site. 
The workers from Ambon match those from Obi in all 
phenotypic characters. They show the unique combination 
of an extremely large height / width ratio of petiole and an 
extremely low height / width ratio of postpetiole and thus 
cannot be confused with any other known species worldwide. 
The index of petiole height / postpetiole height * postpetiole 
width / petiole width (PEH/PPH :,! PPW/PEW) is arithmetic 
mean 3.11 + standard deviation 0.067 [lower extreme 2.99, 
upper extreme 3.15] in five workers of C. nigrocerea from 
different colonies, but only 1.945 ± 0.248 [lower extreme 
1.17, upper extreme 2.91] in 1877 workers from any other 
species worldwide. Because of this clear result, more complex 
analyses for species identification were not necessary. The 
morphology of workers and males from C. nigrocerea from 
Obi was investigated and measured in detail, as previously 
described for other species by Seifert (2003, 2008). 

Excavated colonies were transferred to the laboratory and 
housed in standard plaster nests, as described previously 
for other Cardiocondyla species (Heinze et al., 1998). 
Approximately four to six months after collection, we 
observed the behaviour of males (one male in a colony with 
60 workers, 6 dealate queens, and brood, total observation 
time 4 hours; one male in a colony with 80 workers, 2 
dealate queens and brood, total observation time 1.5 hours, 
because the male died; four males in experimental fragments 
of the same colony with 35 to 70 workers, 1 to 4 dealate 
queens and brood, respectively, observation time 8 hours 
each). After familiarizing ourselves with the behavioural 
repertoire of C. nigrocerea for several hours, we recorded 
all activities involving males by focal sampling (Martin & 


Bateson, 1986) during individual observation sessions of 
10 min each over a period of three weeks. In addition, we 
sporadically observed the behaviour of males during other 
periods and in other colonies. 

The examined material is deposited in the ant collection of 
the Senckenberg Museum fur Naturkunde Gorlitz, Germany. 
Material used for behavioural work is deposited in the 
Museum Zoologicum Bogoriense, Cibinong, Indonesia. 

RESULTS 

Morphology 

Numeric data are presented in the sequence arithmetic mean 
+ standard deviation [lower extreme, upper extreme] and 
refer to five workers from Ambon and Obi and four males 
from Obi. Abbreviations of morphological measures are as 
in Seifert (2003, 2008). 

Worker. - Smaller than C. wheeleri, CS 457 + 4 [451, 460] 
pm. Head moderately elongated, CL/CW 1.166 + 0.009 
[1.152, 1.175]. Scape rather short, SL/CS 0.816 + 0.004 
[0.812, 0.820]. Outlines of posterior head in dorsal view 
rather rectangular, postocular distance large, PoOc/CL 0.426 
+ 0.008 [0.414, 0.437], occipital margin slightly concave. 
Eyes rather small, EYE/CS 0.224 + 0.004 [0.220, 0.231]. 
Anterior clypeal margin between the level of frontal carinae 
concave. Frontal carinae immediately posterior of the FRS 
level almost parallel and with rather large distance, FRS/CS 
0.274 + 0.011 [0.259, 0.284]. Whole head and mesosoma 
finely corrugated-shagreened, giving a perfectly matt overall 
surface appearance. Paramedian vertex with very small 
foveolae, almost hidden by the corrugation. Lateral vertex 
with more eye-catching, deeper and bicoronate foveolae of 
13-17 pm mean diameter. Waist segments rather shining, 
only with a fine microreticulum. First gaster tergite shining 
but on its whole surface finely microreticulate and with a 
widely-spaced and rather short pubescence, sqrtPDG 5.97 
+ 0.43 [5.55, 6.67], PLG/CS 4.03 + 0.33 [3.82, 4.59]%. 
Mesosoma in dorsal view concavely narrowing from the 
pronounced, but rather blunt pronotal corners caudad to 
anterior propodeum; dorsal mesosomal profile forming an 
almost straight line from anterior pronotum to spine tips. 
Metanotal depression shallow, MGr/CS 0.90 + 0.93 [0.3,2.6] 
%. Spines with a rather broad basal distance (SPBA/CS 0.347 
+ 0.005 [0.342, 0.350]) and moderately long (SP/CS 0.347 
± 0.005 [0.342, 0.350]), in dorsal view their basal parts only 
weakly diverging and then weakly incurving caudad, spine 
axis in lateral view parallel to the longitudinal mesosomal 
axis. Dorsum of petiole node clearly longer than wide, 
rectangularly oval, narrowing frontad. Petiole in lateral view 
massive, with a short peduncle, and disproportionately higher 
than postpetiole (PEH/CS 0.379 + 0.005 [0.374, 0.386], 
PPH/CS 0.244 + 0.008 [0.237, 0.257]), in dorsal view much 
narrower than postpetiole (PEW/CS 0.270 + 0.013 [0.253, 
0.282], PPW/CS 0.541 + 0.023 [0.515, 0.561]). Postpetiole 
with convex sides and deeply concave anterior margin; its 
sternite flat and without any prominent structure. Whole body 
light yellowish except for the contrastingly brown gaster. 
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Male. - (Figs. 1-3): wingless, ergatoid, and small, CS 422 
+ 5 [417, 427] pm. Head short, CL/CW 1.021 + 0.033 
[0.991,1.058]. Anterior clypeal margin deeply concave. 
Mandibles long and sickle-shaped (Fig. 2). Scape short, 
SL/CS 0.670 + 0.013 [0.652, 0.683]; number of funiculus 
segments varying between 9 and 12 due to complete or 
incomplete fusion of basal segments. Outlines of posterior 
head in dorsal view rather rectangular, postocular distance 
large, PoOc/CL 0.458 + 0.012 [0.446,0.474], occipital margin 
rather strait or feebly convex. Eyes small as in worker, 
ocelli completely absent. Frontal carinae short, immediately 
posterior of the FRS level diverging caudad and with large 
distance, FRS/CS 0.383 ± 0.015 [0.361, 0.393], Vertex in 
central parts rather smooth, finely microreticulate and with 
scattered simple foveolae. Genae and vertex median of 
the eyes with stronger, wrinkled-rugulose microsculpture. 
Petiole finely rugulose-microreticulate-foveolate, postpetiole 
finely microreticulate-foveolate. First gaster tergite shining 
but on its whole surface very delicately microreticulate 
and with a moderately dense but rather long pubescence, 
sqrtPDG 4.62 ± 0.33 [4.28, 5.01], PLG/CS 8.21 + 0.22 
[7.93, 8.44]%. Mesosoma rather short and wide, ML/CS 
1.418 + 0.023 [1.387, 1.437], MW/CS 0.806 + 0.025 
[0.783, 0.837], on whole surface wrinkled-rugulose, but 
sculpture as a whole not strong. Promesonotum in dorsal 
view with well-developed, rounded anterior corners and in 
outline trapezoidal. Mesosoma in lateral view with the upper 
pronotal surface vaulted anterodorsad, convex mesonotal 
dorsum, suggested metanotal depression, rather straight or 
feebly concave propodeal dorsum. Spines reduced to blunt 
corners (SP/CS 0.145 + 0.010 [0.134, 0.154]) and with a 
rather broad basal distance (SPBA/CS 0.397 + 0.012 [0.385, 
0.412]). Petiole node in dorsal view wider than long with its 
posterior outline forming a distinct, blunt angle; in lateral 
view with a rather long peduncle, concave anterior face, and a 



Fig. 1. Head of an ergatoid male of the ant Cardiocondyla nigrocerea 
in frontal view, showing the sickle-shaped mandibles. 


high, massive and truncate node with a feebly convex dorsal 
profile; petiole as a whole high and wide PEH/CS 0.478 + 
0.012 [0.463,0.490], PEW/CS 0.415 + 0.021 [0.384,0.427]). 
Postpetiole very wide (PPW/CS 0.686 + 0.023 [0.668, 
0.718] and low (PPH/CS 0.295 ± 0.018 [0.274, 0.317]) 
with a completely flat sternite. Postpetiole in dorsal view 
with a deeply concave anterior margin, rounded sides and 
straight or slightly convex posterior border. Whole body pale 
yellowish, sometimes with a weak brown colour component. 

As typical for ant males, bilateral asymmetries and between- 
individual coefficients of variation of morphometric 
characters are larger than in female castes. The observed 
reduction of funiculus segments is typical for ergatoid males 
of Cardiocondyla. In our samples, segments are incompletely 
fused and segment numbers are unstable. The anterodorsal 
flange-like extension of the pronotum (Fig. 3) and the small 
perioccipital flange (Fig.4) are probably adaptive in protecting 
the sensitive neck region from biting attacks of competing 
males. This mesosomal structure is also seen in the workers 
of all species of the C. wheeled and C. paradoxa groups, 
probably without having a functional significance. This 
constant worker trait might be seen as a suggestion that all 
these species have (or had) ergatoid males that fight, probably 
with sickle-shaped mandibles. 

Behaviour 

The time budget of ergatoid males of Cardiocondyla 
nigrocerea was characterized by a very high activity and 
thus closely resembles that of previously studied ergatoid 
males (e.g., Heinze, 1997). Winged ant males are mostly 
inactive and rarely engage in social interactions before 
leaving the nest to mate. In contrast, the six studied ergatoid 
males of C. nigrocerea were frequently moving on the brood 
pile (26-68% of time spent in the nest, median 36.25%), 
apparently patrolling and antennating it for the presence of 
freshly eclosed female sexuals or rival males. They were 
inactive for only 2-19% of the observation time (median 
15.25%). All males were intensively groomed by workers 
(13-30.0%, median 18.25%). One male left the nest chamber 
and died outside of the nest, while the others permanently 
stayed inside close to the brood pile. Two males were 
infrequently observed in actively engaging in social tasks 
in the nest (< 1% of observation time), i.e., they groomed 
the brood and adult workers, and once a male regurgitated 
food to a worker. 

Due to the irregular production of young males, fighting 
behaviour could not be studied under controlled conditions 
but was observed anecdotally. Adult males were twice seen 
attacking a freshly eclosed callow male. They grasped it with 
their sickle-shaped mandibles, held it for several minutes and 
besmeared it with secretions from the tips of their gasters, as 
is typical for males of the C. “argentea ” and C. wroughtonii 
groups (e.g., Yamauchi & Kawase, 1992; Yamauchi et ah, 
2006). In one case, workers simultaneously antennated and 
groomed the fighting males and finally killed the younger 
male by cutting of its gaster with their mandibles. In the 
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other case, the young male died approximately 35 min after 
continuously being attacked by the older male and a worker, 
but without any visible injury. 

Additional observations also suggest that males regularly 
attack younger rivals. In one colony, in which we did not 
directly witness fighting among males, three younger males 


had apparently survived severe attacks by one or two older 
males. All three males showed severe mutilations, e.g., cut off 
antennae or legs or an injured abdomen. These adult males 
occasionally interacted aggressively and were also observed 
attacking the queens. Similarly, two killed young males 
in another colony showed mutilated antennae and gasters. 
Experimental confrontation of two adult males resulted in 



Fig. 2. Ergatoid male of the ant Cardiocondyla nigrocerea in lateral view. The arrow points to the anterodorsal flange-like extension of 
the pronotum. 



Fig. 3. Ergatoid male of the ant Cardiocondyla nigrocerea in dorsal view. The arrow points to the small perioccipital flange. 
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seven short fights of 15 to 42 seconds (median 29 seconds), 
but did not result in injuries or death. 

DISCUSSION 

The ant Cardiocondyla nigrocerea has been reported so 
far only from the Maluku islands Ambon and Obi and is 
probably an endemic of this region. In a phylogeny based on 
nuclear and mitochondrial genes it clusters with C. paradoxa 
and related, undescribed taxa from Papua New Guinea and 
Northern Australia (J. Oettler & M. Suefuji, unpublished). 
This cluster forms the sister group of a monophylum including 
the tramp species C. wroughtonii and C. obscurior , which 
are presumably of Southeast Asian origin, and several 
undescribed taxa of the Southeast Asian C. “argentea” group 
(Oettler et al., in press). 

The morphology of ergatoid males of C. nigrocerea nicely 
matches this placement based on molecular data. They 
have pointed, sickle-shaped mandibles, as in C. obscurior, 
C. wroughtonii, and the C. “argentea” group (e.g., Kugler, 
1983; Yamauchi & Kawase, 1992; Yamauchi et ah, 2006). 
In contrast, ergatoid males of the majority of Cardiocondyla 
spp. have shear-shaped mandibles (Kugler, 1983; Seifert, 
2003). Males of C. paradoxa are not yet known, but from 
the morphology of C. nigrocerea males it is likely that they 
will also be wingless with sickle-shaped mandibles. Winged 
males, which in C. obscurior are produced under stressful 
environmental conditions (Cremer & Heinze, 2003) and 
regularly occur in other polymorphic taxa, such as C. emeryi 
(J. Heinze, unpubl. observations), have not yet been reported 
from the C. “argentea ” group and were also not observed 
in our study on C. nigrocerea. This suggests that they have 
been lost early in the evolution of a clade comprising the C. 
“argentea ”, C. wheeleri, and C. paradoxa groups, but further 
studies, in particular on additional species of the C. wheeleri 
group, are needed to corroborate this hypothesis. 

Similar to the ergatoid males of C. obscurior, C. wroughtonii, 
and the C. “ argentea ” group, ergatoid males of C. nigrocerea 
use their mandibles to grasp freshly eclosed callow males 
and daub them with hindgut secretions. The limited material 
did not allow more detailed behavioural observations under 
standardized conditions but it appears that fighting in 
particular among adult males occurs less regularly than in C. 
obscurior. Furthermore, besmearing did not consistently lead 
to worker aggression. Nevertheless, ergatoid males in this 
way effectively eliminated rivals from their nests, which in 
principle allows monopolizing mating with all young female 
sexuals and enforces effective single mating by these young 
queens. Though colonies frequently contained both ergatoid 
males and female sexuals, we never witnessed mating in 
the laboratory, possibly because the temperatures in our 
observation room were too low to elicit sexual behaviour. 

Our research on C. nigrocerea has added a small piece to 
the emerging picture of the evolution of the extraordinary 
reproductive tactics and morphology of males in this genus. 


but a full understanding requires information on many more 
of the numerous taxa from the Maluku islands and New 
Guinea. 


ACKNOWLEDGMENTS 

Studies on Cardiocondyla were made possible by DFG 
(He 1623/22) and the Museum Zoologicum Bogoriense, 
Indonesian Institute of Sciences (LIPI), 28/SI/MZB/X2008. 
S. Frohschammer, J. Barop, T. Stolz and T. Muckenthaler 
helped observing male behaviour. 


LITERATURE CITED 

Cremer, S. & J. Heinze, 2003. Stress grows wings: Environmental 
induction of winged dispersal males in Cardiocondyla ants. 
Current Biology, 13: 219-223. 

Heinze, J., 1997. Male reproductive strategies in ants. Proceedings 
of the International Colloquium on Social Insects, 3-4: 
179-187. 

Heinze, J., B. Holldobler & K. Yamauchi, 1998. Male competition 
in Cardiocondyla ants. Behavioral Ecology and Sociobiology, 
42: 239-246. 

Heinze, J., A. Trindl, B. Seifert & K. Yamauchi, 2005. Evolution 
of male morphology in the ant genus Cardiocondyla. Molecular 
Phylogenetics and Evolution, 37: 278-288. 

Heinze, J., S. Cremer. N. Eckl & A. Schrempf, 2006. Stealthy 
invaders: the biology of Cardiocondyla tramp ants. Insectes 
sociaux, 53: 1-7. 

Holldobler, B. & E. O. Wilson, 1990. The Ants. Harvard University 
Press, Cambridge, Mass. 

Karawajew, W., 1935. Neue Ameisen aus dem Indo-Australischen 
Gebiet, nebst Revision einiger Formen. Treubia, 15: 57-117. 

Kinomura, K. & K. Yamauchi, 1987. Fighting and mating behaviors 
of dimorphic males in the ant Cardiocondyla wroughtoni. 
Journal of Ethology, 5: 75-81. 

Kugler, J., 1983. The males of Cardiocondyla Emery (Hymenoptera: 
Formicidea) with the description of the winged male of 
Cardiocondyla wroughtoni (Forel). Israel Journal of Entomology, 
17: 1-21. 

Martin, P. R. & P. Bateson, 1986. Measuring Behaviour. Cambridge 
University Press, Cambridge, U.K. 222 pp. 

Oettler, J., M. Suefuji & J. Heinze, in press. The evolution of 
alternative reproductive tactics in male Cardiocondyla ants. 
Evolution. 

Reiskind, J., 1965. A revision of the ant tribe Cardiocondylini 
(Hymenoptera, Formicidae). I. The genus Prosopidris Wheeler. 
Psyche, 72: 79-86. 

Schrempf, A. & J. Heinze, 2007. Back to one: consequences of 
derived monogyny in an ant with polygynous ancestors. Journal 
of Evolutionary Biology, 20: 792-799. 

Seifert, B., 2003. The ant genus Cardiocondyla (Insecta: 
Hymenoptera: Formicidae) - a taxonomic revision of the C. 
elegans, C. bulgarica, C. batesii, C. nuda, C. shuckardi, C. 
stambuloffii, C. wroughtonii, C. emeryi and C. minutior species 
groups. Annalen des Naturhistorischen Museums in Wien, 
104B: 203-338. 


327 


Heinze et al.: Wingless fighter males in a Wallacean ant 


Seifert, B., 2008. Cardiocondyla atalanta Forel, 1915: a cryptic sister 
species of Cardiocondyla nuda (Mayr, 1866) (Hymenoptera, 
Formicidae). Myrmecological News , 11: 43-48. 

Stuart, R.J., A. Francoeur & R. Loiselle, 1987. Lethal fighting 
among dimorphic males of the ant, Cardiocondyla wroughtonii. 
Naturwissenschaften, 74: 548-549. 

Yamauchi, K. & N. Kawase, 1992. Pheromonal manipulation 
of workers by a fighting male to kill his rival males in the 
ant Cardiocondyla wroughtonii. Naturwissenschaften, 79: 
274-276. 


Yamauchi, K., Y. Asano, B. Lautenschlager, A. Trindl & J. Fleinze, 
2005. A new type of male dimorphism with ergatoid and 
short-winged males in Cardiocondyla cf kagutsuchi. Insectes 
sociaux, 52: 274-281. 

Yamauchi, K., Y. Ishida, R., Hashim & J. Heinze, 2006. Queen- 
queen competition by precocious male production in multi-queen 
ant colonies. Current Biology , 16: 2424-2427. 


328 


